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Ecological variants and morphological ecotypes are
known in Colophospermum mopane which suggest
phenotypic plasticity and possible genetic differentia-
tion within the species. Five populations of C. mopane
were studied to determine the levels of allozyme varia-
tion within and among them. Average heterozygosity
values at 19 enzyme-coding loci in four populations var-
ied little (H = 1.2% to 2.1%) with a much higher value
(6.1%) in the Messina population. Polymorphism levels
were the same for all populations as measured by the
average number of alleles per locus (1.2) and the per-
centage of polymorphic loci (15.8%). Pair-wise fixation
index (FST = 0.001 to 0.004), gene flow (Nem = 39.840 to
159.840) and genetic distance (D = 0.0002 to 0.0003) val-
ues indicate that four of the populations can be consid-
ered a single panmictic group, but that Messina is suffi-
ciently diverged to regard it as a separate population.
Results are discussed with specific reference to the
conservation of the genetic integrity of C. mopane due
to extensive exploitation by man.
Colophospermum mopane (Kirk ex Benth.) Kirk ex J. Léon., or
the mopane tree, is part of the subfamily Ceaesalpinoideae
which is characterised by butterfly-shaped leaves.
Colophospermum is related to the Indian genus Hardwickia
and the genus name Colophospermum briefly changed to
Hardwickia (Breteler et al. 1997) before reverting back
(Smith et al. 1998).
Colophospermum mopane is distributed throughout most
parts of southern Africa, and we focused upon the northern
populations in South Africa. Mopane veld (Acocks 1975)
forms part of South Africa’s savanna, and is characterised by
arid or semi-arid grasslands, with a sparse covering of trees
and shrubs. Mopane veld is divided into shrubveld (shrubs)
and bushveld (trees and shrubs), which occur in two distinc-
tive regions with soil type possessing unique characteristics
(Van Rooyen and Bredenkamp 1998). Wessels et al. (1998)
informally further divided them into several ecotypes accord-
ing to morphological and physiological differences observed.
The most important use of C. mopane is as source of
browse on game farms, nature reserves and communal
lands during different times of the year, but most important-
ly during drought. The leaves of C. mopane remain palatable
during late winter and through extreme drought, emphasis-
ing its importance as browse. It is also a sought after source
of firewood all over southern Africa. The wood is rendered
unpalatable because of the presence of the calcium oxalate
crystals and as a result, wood predators such as termites,
which often decimate exotic trees, are deterred (CICA 1990).
The wood is very strong and durable and has been used for
the construction of mine props and railway sleepers
(Palgrave 1972), furniture manufacturing (Van Wyk 1972)
and the construction of fences, palisades and kraals in rural
settlements. Products from C. mopane trees have many
uses in the different cultures and traditions of South Africa
(Mabogo 1990, Mashabane et al. 2001). Commercial utilisa-
tion of C. mopane can benefit rural communities, but the
impact of exploitation on genetic diversity needs to be
assessed, since it is currently being over exploited in many
parts. For example, Neto (2000) reported that C. mopane in
Angola is moving to threatened status, as is the case in
Namibia. The genetic integrity of local populations (with per-
haps unique alleles) may be at risk and rare alleles could
conceivably be eliminated due to human influences. Genetic
screening of C. mopane is thus necessary to investigate the
current extent of genetic variation within and between popu-
lations.
This is the first attempt at documenting genetic diversity in
populations of this economically important species, in an
attempt to design conservation strategies. Two questions
related to the taxonomic and conservation status of C.
mopane are addressed in this study: (1) has genetic differ-
entiation among populations of C. mopane occurred, reflect-
ing geographical separation by distance, and (2) is genetic
variation within C. mopane sufficient to ensure adaptability
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of the species? We did not attempt to differentiate between
ecotypes.
Materials and Methods
Leaf material was collected from 145 randomly sampled
individual plants from five populations of C. mopane over
several hectares, except for the Saambou Bridge population
which is an island population covering less than one
hectare. Leaf material was chosen for this study because it
is readily obtainable for eight months of the year. Sample
sites included the northern, southern and western limits of
the species in South Africa, as well as intermediate popula-
tions and were as follows: Messina Experimental Farm
(22°14’19’’S, 29°55’10’’E), Eiland (23°40’29’’S, 30°39’50’’E),
Saambou Bridge (22°34’14’’S, 28°34’18’’E), Mutamba
(22°55’00’’S, 29°55’40’’E) and Pafuri Gate (22°21’03’’S,
31°06’44’’E).
Collection, tissue preparation, extraction buffers, elec-
trophoresis, staining of gels, interpretation of results, locus
nomenclature and statistical analysis follow Van der Bank et
al. (1995). The following continuous buffer systems TCE
(Avise et al. 1975), HC (pH 5.7 and 7, Stuber et al. 1977),
and discontinuous buffer systems CB (Cooke and Buckley
1987) and NaB (Poulik 1957) were used. Sucrose (3.5%)
and NADP (0.02g per 42g of starch, Hillis et al. 1996) were
added to gels to improve resolution.
Statistical analyses of allozyme data were done using
BIOSYS-2 (Swofford et al. 1997). Population differentiation
was examined by calculating the following fixation index (F,
Wright 1978) values: the average F value for individuals rel-
ative to the total population (FIS), for the total population (FIT),
and for the amount of differentiation among sub-populations
(FST) relative to the limiting amount under complete fixation.
The effective number of individuals exchanged between
populations in each generation (Nem) was estimated using
the relationship between the FST value and Nem (Takahata
1983), and Nei’s (1978) genetic distance (D) values (which
allows for small sample sizes) and DISPAN (Ota 1993), from
1 000 bootstrap tests, were used to produce dendrograms.
Results
Nineteen loci were scored (Table 1), with polymorphism
detected at three loci (15.8%) in all populations. The poly-
morphic loci were Mdh-1, Pgm-1 and Pgm-2; their allele fre-
quencies, with the coefficients of heterozygote excess (gene
diversity) (d) and χ2-values (with degrees of freedom) are
listed in Table 2. No heterozygote deficiencies were
observed and genotypes at all loci conformed to Hardy-
Weinberg expectations. Average heterozygosity (H, Nei
1975) in four populations did not differ by much (0.012 to
0.021), but a much higher level of H = 0.061 was obtained in
the Messina population; the percentage of polymorphic loci
(P = 15.8%) and mean number of alleles per locus (A = 1.2)
were identical in all populations. 
Low mean weighted fixation indices (FST = 0.001 to 0.043,
FIT = -0.050 to -0.141, FIS = -0.051 to -0.179) and D values
(0.0002 to 0.0028), but high Nem values (ranging from 3.561
to 159.840) among populations were obtained (Table 3). The
phylogenetic relationships are presented in Figure 1.
Mutamba and Pafuri Gate are grouped together (bootstrap =
90%), and this group has Eiland as sister group (bootstrap =
89%). Pair-wise contingency χ2 analyses only revealed sig-
nificant (P = 0.001 to 0.021) differences between Messina
(Table 3), where the most divergence occurred as depicted
with the longest branch in Figure 1, and the other popula-
tions. There is no support for the groupings of Saambou
Bridge and Messina with the others and to each other
(Figure 1).
Discussion
Genetic variation in C. mopane
Some of the populations studied were located along the
perimeter of the mopane veld in South Africa. Although not
geographically isolated, the populations are separated by
distance, with the most eastern and the most western sam-
ples studied located approximately 400km apart. A degree of
genetic differentiation is, therefore, expected and the exis-
Table 1: Buffer systems, locus abbreviations and enzyme commission numbers (EC no.), for enzymes that provided repeatable results in C.
mopane. See Material and Methods for buffer descriptions
Enzyme Locus EC no. Buffer (pH)
Aspartate amino transferase Aat* 2.6.1.1 NaB
Alcohol dehydrogenase Adh* 1.1.1.1 HC (7)
Esterase Est* 3.1.1.– TCE
Isocitrate dehydrogenase Idh* 1.1.1.42 HC (7)
Guanine deaminase Gda* 3.5.4.3 HC (7)
Glucose-6-phosphate isomerase Gpi-1*, -2* 5.3.1.9 CB
Leucine aminopeptidase Pep-E* 3.4.11.1 NaB
Malate dehydrogenase Mdh-1, -2*, -3* 1.1.1.37 HC (5.7)
Mannose-6-phosphate isomerase Mpi-1*, -2* 5.3.1.8 HC (5.7)
Peroxidase Per* 1.11.1.7 TCE
Phosphoglucomutase Pgm-1, -2, -3* 5.4.2.2 HC (5.7)
Shikimate dehydrogenase Skdh* 1.1.1.25 HC (5.7)
Superoxide dismutase Sod* 1.15.1.1 HC (5.7)
* = monoallelic loci
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tence of morphological ecotypes in C. mopane (Wessels et
al. 1998) provides further support for the hypothesis that
regional genetic variants may exist.
The A-alleles were the most common in all the populations
studied, h values ranged from 0.033 to 0.336 (with no defi-
ciencies of heterozygotes), and genotypes at polymorphic
loci all conformed to Hardy-Weinberg expectations (Table 2).
The latter indicate that C. mopane is genetically fit.
Noticeable differences were only observed between
Messina and the others in the numbers of heterozygotes at
the Pgm-1 locus (with Messina having three to six times
more). Contingency χ2 analyses showed significant differ-
ences only between genotypes of Messina and the others (P
= 0.001 to 0.021; see discussion below).
The P value (15.8%) in all populations and H values of
0.012 to 0.021 in four populations, but higher (0.061) in
Messina, are less compared to those reported in many other
studies (e.g. P = 36.4–46.4% for plant species (Ayala 1976,
Hamrick 1989)). It is notable that the latter population also
shows the highest degree of phenotypic plasticity of all the
populations investigated, whereas Eiland, with a lower H
value of 0.18, is monotypic. However, the A, P and H values
of this study compared to those of related taxa (i.e. Virgilia
oroboides (Berg.), which is also part of the Legume family,
displayed similar values (Van der Bank et al. 1995)).
Colophospermum mopane, therefore, appears to possess
an adequate level of genetic diversity to be able to cope with
changing environmental conditions (e.g. high temperatures
and unpredictable rainfall) and to adapt to stresses outside
of the usual parameters. An adequate level of genetic diver-
sity has probably enabled C. mopane to become the most
abundant large plant species in its habitat.
Genetic differentiation
Four measures of differentiation were applied in this study,
namely F, Nem and D and contingency χ2 analyses. The
mean weighted FST values (0.001 to 0.004) between the
pair-wise comparisons of all populations, except Messina,
indicate little divergence; this was also reflected by low D
Table 2: Sample size (N), allele frequencies, heterozygosity excess (d), χ2 values, degrees of freedom (DF), and individual heterozygosity
values (h) for polymorphic loci in five populations of C. mopane
Locus Population N Allele frequency d χ2 DF h
A B C
Mdh-1 Messina 33 0.788 0.212 0.250 2.196 1 0.334
Eiland 29 0.914 0.086 0.075 0.203 1 0.157
Saambou Bridge 23 0.891 0.109 0.098 0.268 1 0.194
Mutamba 30 0.933 0.067 0.054 0.113 1 0.125
Pafuri Gate 30 0.933 0.067 0.054 0.113 1 0.125
Pgm-1 Messina 33 0.803 0.091 0.106 0.156 1.811 3 0.336
Eiland 29 0.949 0.034 0.017 0.024 0.057 3 0.100
Saambou Bridge 23 0.956 0.022 0.022 0.011 0.023 3 0.083
Mutamba 30 0.950 0.017 0.033 0.008 0.055 3 0.062
Pafuri Gate 30 0.968 0.016 0.016 0.023 0.017 3 0.062
Pgm-2 Messina 33 0.833 0.167 0.182 1.185 1 0.278
Eiland 29 0.966 0.034 0.018 0.018 1 0.066
Saambou Bridge 23 0.957 0.043 0.023 0.023 1 0.082
Mutamba 30 0.967 0.033 0.017 0.018 1 0.064
Pafuri Gate 30 0.983 0.017 0.000 0.000 1 0.033
Table 3: Nei’s (1978) genetic distance and direct count average heterozygosity, H (standard error) values below the asterisks and Nem (ital-
ics), FST (bold) and P values for pair-wise contingency χ2 analyses (normal text) above the asterisks among five populations of C. mopane
Population: Messina Eiland Saambou Bridge Mutamba Pafuri Gate H
Messina **** 4.164 4.840 3.561 3.561 0.061
0.037 0.032 0.043 0.043 (±0.033)
0.004 0.021 0.001 0.001
Eiland 0.0020 **** 159.840 159.840 79.840 0.018
0.001 0.001 0.002 (±0.011)
0.984 0.934 0.916
Saambou Bridge 0.0016 0.0003 **** 53.173 39.840 0.021
0.003 0.004 (±0.013)
0.935 0.850
Mutamba 0.0023 0.0002 0.0002 **** 159.840 0.016
0.001 (±0.009)
0.949
Pafuri Gate 0.0028 0.0002 0.0002 0.0002 **** 0.012
(±0.008)
values (0.0002 to 0.0003), and high Nem values (39.84 to
159.84) for these populations (Table 3). The FST values indi-
cate that only 0.1% to 0.4% of the differentiation occurs
between the populations, whereas 99.6% to 99.9% of the
variation is within these populations. However, the values
are higher (FST = 0.032 to 0.043, D = 0.0016 to 0.0028) and
Nem less (3.56 to 4.84) between Messina and the others.
Nevertheless, FST values between 0 and 0.05, as found dur-
ing the present study, indicate little differentiation (Wright
1978). The negative FIS and FIT values (-0.050 to -0.179) and
large Nem values are also indicative of outcrossing and show
that no effective barriers to gene flow exist among these
populations (Hartl and Clark 1987). It thus appears that C.
mopane has developed an effective mechanism for out-
crossing to prevent population subdivision and inbreeding, a
mechanism expected in natural populations to maintain vari-
ability and ensure the survival of the species. In contrast,
contingency χ2 analyses showed significant differences
between genotypes of Messina and the others, indicating
subdivision of the populations. The results of this study,
therefore, show that four populations exchange genes effec-
tively to form one interbreeding population with a mutual
gene pool.
The controversial results for Messina (i.e. the contingency
χ2 analyses indicate divergence, but not the Nem, F and D
values) are not a result of sample error. Sample sizes of 12
to 15 diploids are adequate to detect sufficient differentiation
between Messina and the other four populations, using the
level of differentiation of Chakraborty and Leimar (1987) and
Slatkin and Barton (1989), where 2N=1/FST. No fixed allele
differences or any major barriers exist to effectively isolate
and to distinguish between the populations. The only possi-
ble barrier between Messina and the others is a tributary of
the Limpopo (the Sand) River and this might restrict gene
flow if pollinators would have trouble crossing it.
The dendrogram (Figure 1), shows that Messina is genet-
ically the furthest removed from the rest of the populations.
This population occurs on the northern part of the distribu-
tion range of C. mopane in South Africa, and there is no
clear mechanism, based on current geography and climate,
to account for a separation between Messina and the
remaining populations. The south-eastern populations
(Eiland, Mutamba and Pafuri Gate) form a monophyletic
group (89% bootstrap). A possible mechanism to account for
the population genetic differentiation obtained is the historic
migration routes of C. mopane into South Africa. It is possi-
ble that the South African population is descended from mul-
tiple migrations, with Messina originating from Zimbabwe,
Saambou Bridge from Botswana and the eastern popula-
tions from the eastern parts of Zimbabwe or Mozambique.
Timberlake (1995) describes a possible migration pattern of
C. mopane from the north (of southern Africa). It is possible
that these founder communities possess only a small and
non-representative array of genes from the parental gene
pool (Tootill 1984).
Conservation and commercial utilisation of C. mopane
As an important natural resource in southern Africa, C.
mopane populations are being over-exploited in many rural
areas. This has already resulted in C. mopane moving
towards threatened status in Angola and Namibia. Game
and cattle farmers consider C. mopane to be an encroacher
species in Limpopo Province of South Africa and will go to
great lengths to rid their farms of this species, while South
African rural communities also exploit the species. The use
of a valuable indigenous resource should be encouraged,
but due consideration should be given to the possible genet-
ic impact of over-exploitation, local extinction and resultant
future re-introductions.
Mopane veld is unique to southern Africa. From the pres-
ent study, South African C. mopane populations seem to be
relatively safe, but protection is imperative for the survival
and genetic conservation of this species. What may seem to
be a harmless control programme may cause a local genet-
ic bottleneck and the possible loss of rare alleles. Attempts
should thus be made to find mechanisms to control the
encroachment of mopane without inducing local extinction.
From a genetic point of view the best of these programmes
would be the pruning of individual C. mopane trees. Success
has also been reported in a programme that utilised mopane
as cattle-feed instead of spending money trying to rid the
veld of this species (Pretorius 1996). Chopped mopane
stems provided 12–20 tons roughage per hectare, saving
R450 000 per year on feeding costs on a typical farm while
cattle still gained 1.36kg per day in test trials. Since trees
can continue to reproduce and gene flow with other popula-
tions will continue, genetic diversity will not be affected if this
control programme is employed and it is thus an alternative
to the conventionally used herbicides.
Demand for fuel wood in rural areas and the removal of
trees to clear for development and agriculture, are other
leading causes of C. mopane deforestation in Limpopo
Province and in neighbouring countries. Apart from the eco-
logical consequences such as soil erosion, loss of topsoil
and even local climatic changes (Jones and Jones 1997),
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Figure 1: Phylogenetic relationships from Nei’s (1978) genetic dis-
tance values between five populations of C. mopane from South
Africa. Bootstrap support values are listed at nodes
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local extinctions will affect the genetic status of C. mopane.
Suitable substitutes for C. mopane wood as a source of fuel
should be introduced, similar to the programme that
Earthwatch launched in Kenya (Jones and Jones 1997),
where solar ovens were built at low cost and rural commu-
nities educated to utilise it. A possible reforestation pro-
gramme can then follow in areas where extensive damage
has occurred through over-exploitation. This brings the risk
of swamping local genetic variants with C. mopane from
diverse gene pools. It is important that no genes from ‘alien’
populations of C. mopane are introduced. Furthermore,
healthy variability of new founders also needs to be consid-
ered. Reforestation programmes would entail that genetic
studies, such as the present study be done to establish
genetic profiles of populations within the affected region.
Reforestation should therefore only be attempted after an
extensive database of the distribution of genetic variation in
C. mopane is available.
Conclusions
It can be concluded that there exists an effective mechanism
for outcrossing between different populations of C. mopane
and that four populations basically share the same gene
pool. The population structure of these four populations can
be defined as a single random mating unit and these geo-
graphically separated populations lack barriers to gene flow.
Genetic differentiation among populations of C. mopane did
not reflect geographical separation by distance and the
genetic variation within C. mopane is sufficient to ensure
adaptability of the species. It would be interesting to assess
the levels of genetic differentiation among various mopane
ecotypes.
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